We conducted a retrosp ective study of 13 patients with p arathyroid carcinoma to assess their clinical characteristics and surgical outcomes. Study pa ram eters included patient demographics, survival, treatment response, and recurren ce. Wefound that all patients who had undergone local tumo r excision develop ed a recurrence, compared with only 33%ofthose availableforfollow-up after en bloc tumor resection. Based on thesefindings, we recommend en bloc tumor resection as the initial treatm ent ofchoice for patients diagnosed with parathyroid carcinoma.
Introduction
Parathyroid carcinoma is an uncommon malignancy that has a poorly understood etiology. It is the rarity of this malignancy that has hampered attempts to study its natural history and underlying biologic basis. What is known about the clinical behavior ofthis disease has largely been learned from retrospective case series. In addition, multiple literature reviews have been published with the goal of develop ing an understanding of its elinicopathologic characteristics and biologic behavior.
Despite the rarity ofparathyroid carcinoma, it is important that surgeons are aware of its elinical manifestations FromtheDepartmentofSurgery Wade G. Douglas, MD Michael 1. Jacobson, MD Dongfeng Tan, MD Thom R. Loree, MD and appropriate treatment because morbidity and mortality may be significant. We must recognize that the best chanee we currently have to manage this cancer is by en bloc tumor resection.
In this artiele , we describe our retrospective review of the experience with parathyroid carc inoma at three western New York medical institutions, with emphasis on elinical characteristics and treatment outcomes. By reporting this elinical experience and comparing it with information published in the literature, we aim to provide some insight into the underlying biology of parathyroid carcinoma and to develop an understanding of its most appropriate treatment.
Patients and methods
We retrospectively reviewed the charts of 13 patients-9 men and 4 women , aged 23 to 63 years at presentation (mean: 48.3)-who were treated forparathyroid carcinoma between Jan . I, 1970, and Dee. 31, 2000 . Patients were treated at one ofthree western New York medical institutions: the Rosweil Park Cancer Institute in Buffalo, the University of Rochester Medical Center, and the Sisters of Charity Hospital in Buffalo.
The diagnosis of parathyroid cancer was based on evidence of local invasion, cervical or mediastinallymph node metastasis, and distant metastasis, along with the characteristic histopathology of the primary tumor as described by Schantz and Castleman. 1 These histopathologic characteristics inelude the presence of a fibrous capsule or fibrous trabeculae , a trabecular or rosette-like cellular architecture, the presence ofmitotic figures, and the presenee of capsular or vascular invasion.
We documented survival, treatment response, and recurrence . The length offollow-up ranged from 2 to 18 years (median: 6). This study was carried out with institutiona1 review board approval. 
Results
Clinical presentation. Three patients presented with a neck mass , 3 with nephrolithiasis, 2 with hoarseness and dysphagia, 2 with bone symptoms , 2 with asymptom ati c hyp ercalc emia, and I with mental status chang es. All 13 parathyroid carcinomas were functional. Parathyroid hormone (PTH) levels ranged between 1.5 and 22.0 times the upper limit of normal (mean: 15). (PTH measurements are expressed as a value relative to normal because the three medical institutions used different measurement techniques.) Symptomatic hyperc alcemia was present in 11 patients ; calcium levels ranged from 11.1 to 22.0 mg/dl (mean: 15.0). The preoperati ve diagnosis was a parathyroid adenoma in 10 patients and a thyroid neoplasm in 3.
Initial pathologic variabies. The most common site of origin of the primary tumor was the right inferior gland, which was the case in 7 patients (53.8%) (figure). Tumors originated in the right superior gland, left superior gland, and left inferior gland in 2 patients (15.4 %) each. Tumors ranged in size from 1.0 to 6.0 cm (mean: 2.8). All patients present ed with localized disease , and no patient had evidence ofcervic allymph node metastasis or distant metastasis at the time of the initial diagnosis.
Survival, treatmeilt response, and recurrence. Two patients were lost to follow-up. Ofthe remaining II patients , 8 (72.7%) were alive with no evidence of dise ase at the time of the last recorded follow-up (table) . Two patients died of their disease and I died of other causes.
Type ofsurgery. All 13 patients underwent surgery as their sole treatm ent modality. Eight patients underwent en bloc resect ion of the tumor and surrounding structures (7 ipsilat eral thyroid lobectomies and I subtotal thyroidectomy), and 5 underwent local excision alone. Two patients in the former group also underwent central and/or lateral compartment neck dissection, includin g 1 who was later lost to follow-up.
Recurrence. Among the Il patients who were available for follow-up, 7 experienced a recurrence.
All 5 patients who had undergone local excision alone achieved normalization of their serum calcium level during the postoperati ve period. However, all 5 were diagnosed with recurrent disease between 1 and 6 years later (mean: 2.3). One ofthese patients died ofa distant (lung) metastasis. The other 4 underwent en bloc resection at the site of their in up to 52% of those patients at the initial diagnosis; in our population, 23% of patients (3/13) presented with a palpable neck mass. Multiple case reports have suggested that the lower parathyroid glands are predisposed to eareinoma development.3,4 It is not clear why the inferior glands , which are derived from the third branchial areh , would tend to undergo eareinomatous change more often than do the superior glands, whieh are derived from the fourth branehial areh. However, we made the same observation in our study, in whieh 9 of the 13 primary tumors (69.2%) originated in an inferior gland ( figure) .
The presenee of a eervieal or mediastinal Iymph node metastasis or a distant metastasis from a parathyroid eareinoma at the initial presentation has rarely been reported. In their review of 372 cases, Koea and Shaw found only 10 cases ofregional nodal metastasis and 9 cases ofdistant metastasis.' In a National Cancer Data Base (NCDB) study, Hundahl et al found that 286 cases of parathyroid eareinoma had been treated at surveyed centers in the United States between 1985 and 1995. 13 Among the 105 cases in whieh the patient's Iymph node status was reported, only 16 (15.2%) involved nodal metastasis. Therefore, it is not loeal recurrence along with hemithyroideetomy and central eompartment neek disseetion; one of these patients also underwent a lateral compartment neek disseetion. Three of the 4 patients were rendered disease-free by further surgery, but the other died of loeally advanced disease.
Reeurrenees developed in 2 ofthe 5 patients who underwent en bloe reseetion pius ipsilateral thyroid lobeetomy (including I subtotal thyroidectomy). The remaining patient-who underwent en bloe reseetion, ipsilateral lobeetomy, and central and lateral eompartment neek disseetion-did not experience a reeurrenee. Thus, the overall reeurrenee rate following en bloc resection was 33% (2/6) . The 2 patients who experieneed a reeurrenee underwent exeision of the tumor, hemithyroid reseetion, and central and lateral compartment neek disseetion. Both were alive without evidenee of disease at the last reeorded follow-up.
Discussion
Parathyroid carcinoma was first described by de Quervain 100 years ago .' Even so, the optimal management of this infrequently eneountered endoerine malignancy remains eontroversial. It is the rarity of this eaneer that has made it diffieult to investigate. Although the true incidenee of r --------------------parathyroid careinoma is unknown, it has generally been reported to aceount for 1 to 3% of reported cases of hyperparathyroidism.v' Etiology. The underlying etiology of parathyroid eareinoma has not yet been defined. Investigators have just recently begun to develop an understanding of the moleeular meehanisms that underiie this malignancy. It is believed that abnormalities of the eyclin D I oncogene,' the p53 tumor suppressor gene, " and the retinoblastoma tumor suppressor gene? play a role in the evolution of parathyroid careinoma. It has been reported that patients with a history offamilial hyperparathyroidism," multiple endocrine neoplasia syndrome type 1,9 and hereditary hyperparathyroidism-jaw tumor syndrome' ? are more predisposed to developing parathyroid carcinoma. None ofthe patients in our series had a personal or family history of any of these disorders. As weil, none of our patients had a history of end-stage renal disease" or head and neck irradiation, " both ofwhieh have been reported to play a role in parathyroid carcinoma tumorigenesis.
Comparisonswithotherreports. Koea and Shaw reeently
published a review of372 cases ofparathyroid careinoma that had been reported in the world literature between 1933 and 1999. 3 The clinieopathologie eharaeteristies we observed in our patient population are eonsistent with many of the findings described in that report. The average age ofboth populations was 48 years . On the other hand , Koe a and Shaw found no predileetion toward either sex, while the male-to-female ratio in our study was 2.25 to 1. They also reported that the most common clinical presentation was a palpable neck mass, which was present surprising that none of the patients in our study had eith er a nodal or distant metastasis at initial presentation.
Parath yroid carcinoma tends to be a functional endocrine malignancy that produces PTH; only 7 cases of nonfunction al carcinom as have been described. 3 All ofour patients had functional tumors, The lack of endocrine funct ion is considered to be a prognosticator of a poor outcome. Patients with parathyroid carcinom a also tend to present with marked hypercalcemia (> 14.0 mg/dl) , wh ich was the case in II of our patients. In all, the demographic and clinical cha racter istics of our patient popul ation were similar to others reported in the world literature .
Management. Surgery is the mainstay of man agement.
Radio-andlor chemotherapy as a primary treatment for parathyroid carcinoma has been used to treat patients who were not surgical candidates , but results have been uniformly poor. The role ofchemotherapy andlor radiotherapy as an adj uvant to surgery is currently unclear.v'
The extent ofsurgery forparathyroid carcinoma has been a top ic ofcontroversy. Our expe rience supports the notion that, comp ared with local excision , en bloc resection results in better control oflocal disease and better long-t erm survival. Ourfinding in this regard is consistent with the results of asurvival analysis included in the review by Koea and Shaw.' They compared the outcomes of 104 patients who had been treated with en bloc resection and 179 patients who had been treated with local tumor excision alone; long-term survi val was significantly better in the en bloc resection group (89 vs . 53%;p<0 .0001). Koea and Shaw also reported that 83 of the 92 local recurrences (90 .2%) that occurred following local excision were ultimately fat aJ.3 Moreover, Kebebew et al reported that the rate of surgi cal morb idity following reoperation for parathyroid carcinoma was 17%.14The NCDB study demonstrated that only 26.9 to 39.2 % ofpatients were being treated with en bloc resection." Still , many investigators before and since have supported en bloc resection.' >!?
Proper en blo c resection invol ves the removal of all adjacent structures invaded by the tumor, the resection of the ipsilat eral thyroid lobe and isthmus along with the central compartment Iymph nodes, and the removal of any contiguous tissues to which the tumor is adherent. Resection of the recurrent laryngeal nerve and partial resection of the trachea or esophagus are requ ired when these structures have been invaded by tumor. Any lesser of an operation can lead to either the leaving of residual disease or the development ofparathyrosis, both ofwhich predispose the patient to the development of local recurrence." :" Some investigators have advocated routine ipsilateral radical neck dissection for all patients with parathyroid carcinoma." Bec ause Iymph node metastasis is uncommon, nodal dissection is performed only on grossly diseased late ral nod al comp artments.v' In our stud y, the importanee of en bloc tumor resection is best appreciated by the fact that every patient who had unde rgone local 494 tumor resection alone developed recurrent disease and required furth er surg ery.
The rarity of parathyroid carcinoma not withstanding, it is essential that surg eons consider it in the differential diagnosis when evalu ating a patient with hyperparath yroidi sm. It is also important to be aware that choo sing en bloc tumor resection as the initial operation offers these patients the best chanee for cure.
